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ABSTRACT 

Recent theoretical works have dealt w i t h  the identification and 
evaluation of the physical processes that determine the characterist ic 
scale s izes  of discrete auroral arcs. I t  is broadly acknowledged that a 

characterist ic spat ia l  wid th  of -100 km ( a t  ionospheric heights) resu l t s  
naturally from the ionospheric mapping of the high-altitude magnetospheric 
convection e lec t r ic  f ie ld .  However, recent analysis of the spat ia l  power 
spectral distributions of e lectr ic  and magnetic f ie ld  variations has 
revealed structure a t  much smaller spatial  scales. In t h i s  analysis, we 
use precipitating auroral electron data from the 3-package sensor on the 
Defense Meteorological Sa te l l i t e  Program s a t e l l i t e  t o  s t u d y  the spat ia l  
scale s izes  and size distributions of polar’auroral arcs. A monotonically 
decreasing inverse-wavelength spectrum w i t h  a slope near u n i t y  is common, 
with no s t r i c t l y  “preferred“ scale s izes ,  although the scale spectrum does 
f la t ten  a t  scales larger than -100-200 km. Typical  observed w i d t h s  of the 
auroral arcs tend to be much smaller than the resis t ive scale length, and 
the observed w i d t h s  do not  have a strong dependence on local ionospheric 
parameters. 
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I. INTRODUCTION 

Several recent theoretical works have dealt w i t h  the identification 
and evaluation of the physical processes that determine the characterist ic 
s izes  and size distributions of discrete auroral arcs (Refs. 1-5). I t  is 
broadly acknowledged that a characteristic spatial  w i d t h  of -100 km ( a t  
ionospheric heights) results naturally from the resis t ive mapping of the 
magnetospheric convection electr ic  f ie ld  into the ionosphere. Recent 
analysis of the spat ia l  spectral distributions of e lec t r ic  and magnetic 
f ie ld  variations (Ref. 6 )  has revealed the presence of structure over a 
range of smaller spatial  scales. These observational results have 
stimulated theorists t o  consider processes that lead to  a spectrum of 
auroral scales (Refs. 4,5,7). The purpose of the present observational 
s t u d y  is t o  perform a clear parametric t e s t  of existing theories of auroral 
scales. 

For t h i s  observational s t u d y ,  we have used precipitating auroral 
electron data from the SSJ/4 instrument on Defense Meteorological Sa te l l i t e  
Program (DMSP) F6. 
auroral scales under sunl i t  and dark ionospheric conditions. The time 
period chosen for s t u d y  is very q u i e t .  
rarely exceeded 1 erg/cm2s;ec during the s t u d y  interval. 
arcs was chosen to better discriminate the effects of background 
ionospheric conductance on the auroral spat ia l  scale. 

We have chosen data samples that allow a comparison of 

Precipitating electron fluxes only 
A period of quiet 
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I I . OBSERVATIONS 
I 

The DMSP SSJ/4 i n s t rumen t  o b t a i n s  complete p r e c i p i t a t i n g  e l e c t r o n  and 
i o n  energy s p e c t r a  once each second over  t he  energy range from 30 eV t o  30 
keV. 

l a t i t u d e  a u r o r a l  arc a c t i v i t y  on 11 January 1983. D e t a i l e d  characteristics 
of the a u r o r a l  a c t i v i t y  and i n t e r p l a n e t a r y  c o n d i t i o n s  d u r i n g  t h i s  time 
period are d i s c u s s e d  elsewhere (Refs. 8,9) .  
number o f  r e a s o n s .  
r ange ,  and t h e  arcs occur  f a i r l y  con t inuous ly  over  a s e v e r a l  hour  
i n t e r v a l .  Second, t h e  a u r o r a l  arcs,  a l t h o u g h  numerous and c o n t i n u o u s ,  are 
ve ry  weak and (presumably) do n o t  a l t e r  the  background i o n o s p h e r i c  
c o n d i t i o n s  s i g n i f i c a n t l y .  T h i r d ,  t h e  aurora? arcs are l i n e a r  i n  
c o n f i g u r a t i o n  and are more or less sun a l i g n e d .  
thorough sampling o f  t h e  arc s t r u c t u r e  from t h e  DMSP dawn-dusk o r b i t .  

F i n a l l y ,  l i g h t i n g  c o n d i t i o n s  a t  t h i s  time were such  that  t h e  DMSP 

i o n o s p h e r i c  track was completely s u n l i t  i n  t h e  s o u t h e r n  polar r e g i o n  and 
comple t e ly  dark  i n  t he  n o r t h .  

The time p e r i o d  chosen f o r  s t u d y  is a pe r iod  of con t inuous  h igh -  

The p e r i o d  was chosen for  a 
F i r s t ,  a u r o r a l  arcs are p r e s e n t  ove r  a wide l a t i t u d e  

T h i s  o r i e n t a t i o n  a l l o w s  

Auroral  arcs were p r e s e n t  o v e r  both p o l e s .  

F i g u r e  1 shows t h e  DM,SP trajectories i n  geomagnetic l a t i t u d e - l o c a l  
time c o o r d i n a t e s .  The o r i ' e n t a t i o n  of the solar t e r m i n a t o r  is i n d i c a t e d  
with the  heavy shadowed l i n e .  
polar passes, w i t h  t he  t r a j e c t o r y  completely i n  d a r k n e s s .  The r i g h t  p a n e l s  
are s o u t h e r n  p o l a r  p a s s e s ,  completely i n  s u n l i g h t .  The i n d i v i d u a l  p o l a r  
c r o s s i n g s  occur  abou t  50 min apart. 
close to the  geomagnetic p o l e ,  p rov id ing  complete  l a t i t u d e  coverage.  

The two lef t  p a n e l s  ( A , C )  show n o r t h e r n  

During t h i s  p e r i o d ,  DMSP passes v e r y  

F i g u r e  2 shows l i n e a r  p l o t s  of the  p r e c i p i t a t i n g  e l e c t r o n  number f l u x  
for each of t h e  f o u r  i n t e r v a l s  shown i n  Fig.  1 .  The h o r i z o n t a l  bracket i n  
p a n e l  A shows a 100 km i o n o s p h e r i c  scale s ize  for r e f e r e n c e .  All f o u r  data 
samples  show t h e  occurrenc,e  o f  m u l t i p l e  (10-30) narrow discrete a u r o r a l  
arcs d i s t r i b u t e d  across thle e n t i r e  p o l a r  r e g i o n .  The f l u x  enhancements 
have scale sizes comparable to t h e  r e s o l u t i o n  of the  i n s t r u m e n t  ( -7  km). 
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Fig. 1 .  Trajectories of the DMSP F6 Sate l l i t e  i n  Geomagnetic Latitude- 
Local Time Coordinates for Four Polar Passes 
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Fig. 2 .  Linear Plots of the Precipitating Auroral Electron Flux for  the 
Four Polar Crossings of DMSP Shown i n  Fig. 1 
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The s e p a r a t i o n  between i n d i v i d u a l  discrete f e a t u r e s  ranges  from t e n  t o  
pe rhaps  hundreds of kilometers. 
similar. 

The f o u r  data samples  are q u a l i t a t i v e l y  

I n  order to  de termine  the  ave rage  wid th  o f  t h e  discrete  a u r o r a l  
f e a t u r e s ,  i n d i v i d u a l  e v e n t s  from each o f  t h e  f o u r  i n t e r v a l s  were combined 
and averaged  t o  compute an ave rage  shape  and wid th .  The a v e r a g e  shape  was 
computed by no rma l i z ing  each e v e n t  t o  its peak f l u x  v a l u e  and by c e n t e r i n g  
each  e v e n t  abou t  i ts peak f l u x  p o s i t i o n .  
process are shown i n  F i g .  3. The v e r t i c a l  bracket i n d i c a t e s  t h e  
s t a t i s t i ca l  u n c e r t a i n t y  for each case. 
wid th  a p p e a r s  t o  be very narrow ( - 7  tan). 
background v a l u e s  w i t h i n  10 t o  20 Lan o f  t h e  c e n t e r  of t h e  s t r u c t u r e .  
s i g n i f i c a n t  s t r u c t u r e  is d i s c e r n i b l e  a t  scale sizes approaching  100 h. 

The r e s u l t s  o f  t h i s  a v e r a g i n g  

In each case, t h e  ave rage  e v e n t  
The f l u x  l e v e l s  approach  

No 

Spectral a n a l y s i s  methods can a l s o  be used t o  examine the  r e l a t i v e  
d i s t r i b u t i o n  of s p a t i a l  s izes .  This is p a r t i c u l a r l y  a p p r o p r i a t e  i n  t h i s  

a n a l y s i s ,  because  s e v e r a l  r e c e n t  t h e o r e t i c a l  s t u d i e s  o f  t h e  s p a t i a l  scale 
problem u t i l i z e  s p e c t r a l  r e p r e s e n t a t i o n s  of t h e  problem. 
a m p l i t u d e  s p e c t r a  of p r e c i p i t a t i n g  e l e c t r o n  f l u x  as a f u n c t i o n  of i n v e r s e  
wavelength mapped t o  i o n o s p h e r i c  h e i g h t .  

F igu re  4 shows 

The f o u r  s p a t i a l  spectra are 
q u i t e  similar. 
number and are r e l a t i v e l y  f l a t  for wavelengths  g r e a t e r  t h a n  abou t  100 km. 

No s t a t i s t i c a l l y  s i g n i f i c a n t  peaks are p r e s e n t .  
s t u d y  i n t e r v a l s  also showed no ev idence  for i n d i v i d u a l  " p r e f e r r e d "  scale 
sizes. 

The s p e c t r a  show a n  approximate k" dependence a t  h igh  wave 

Indeed,  any s u b s e t s  of t h e  

6 
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111. INTERPRETATION 

The n o t i o n  t h a t  there should  exist a scale s i z e  t h a t  characterizes 
discrete  a u r o r a l  f e a t u r e s  a r i s e s  from t h e  concept  t h a t  t h e  magne t i c - f i e ld -  
a l i g n e d  e lec t r ic  p o t e n t i a l  d rops  t h a t  cause  auroral e l e c t r o n  a c c e l e r a t i o n  
r e s u l t  from t h e  i n a b i l i t y  of t h e  magnetospheric  e lec t r ic  f i e l d  t o  map 
p e r f e c t l y  i n t o  t h e  ionosphere .  The imper fec t  mapping of t h e  magnetospher ic  
e lec t r ic  f i e l d  r e s u l t s  froin t h e  f i n i t e  i onosphe r i c  conductance ;  t h u s  t h e  

characterist ic scale l e n g t h  can be thought  of as t h e  r e s i s t i v e  scale l e n g t h  
for t h e  ionosphere-magnetosphere system. The e x i s t e n c e  o f  such  a scale  
l e n g t h  can be demonstrated by c o n s i d e r i n g  t h e  i o n o s p h e r i c  Ohm's law, re- 
l a t i n g  i o n o s p h e r i c  c u r r e n t  j t o  c o n d u c t i v i t y  o and e l ec t r i c  f i e l d  E: 

Invoking c u r r e n t  con t inu i t ;y  ( i n  three d imens ions)  

one  o b t a i n s  a r e l a t i o n s h i p  between t h e  p a r a l l e l  ( v e r t i c a l )  c u r r e n t  j 
h e i g h t - i n t e g r a t e d  Pedersen c o n d u c t i v i t y  1 
the  p e r p e n d i c u l a r  e lec t r ic  f i e ld :  

t h e  

and the  h o r i z o n t a l  g r a d i e n t  of 
Y '  

P' 

j, = -1 0-E 
P ( 3 )  

Express ing  t h e  e lectr ic  f i e l d  as t h e  g r a d i e n t  of a p o t e n t i a l ,  and f u r t h e r  
assuming a l i n e a r  r e l a t i o n s h i p  between p a r a l l e l  c u r r e n t  and p o t e n t i a l  d r o p  
(Ref. 10)' one  o b t a i n s  t he  r e l a t i o n s h i p  between the  magne t i c - f i e ld -a l igned  
c u r r e n t  and t h e  magnetospher ic  electric p o t e n t i a l :  

(4) 2 2  2 ( 1  - a 0 )j, = & 0 CD 
P 
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where a is t h e  character is t ic  ( r e s i s t i v e )  scale of t h e  sys tem.  The 
q u a n t i t y  a depends on t h e  characteristics of t h e  ionosphere  and on t h e  
characterist ics of t h e  c u r r e n t - c a r r y i n g  plasma. S p e c i f i c a l l y ,  

1 = (Z /e2n)  1'2( 4nmeKth) 
P 

where n and Kth  are t h e  d e n s i t y  and t empera tu re  of t he  c u r r e n t - c a r r y i n g  
e l e c t r o n  p o p u l a t i o n .  
affects t h e  scale s ize  f a i r l y  s t r o n g l y .  For t y p i c a l  v a l u e s  of n and K t h ,  

t h e  scale l e n g t h  is approximate ly  150 km i n  s u n l i g h t  i o n o s p h e r i c  c o n d i t i o n s  
and a b o u t  15 km w i t h  a d a r k  ionosphere  (comple te ly  n e g l e c t i n g  t h e  e f fec ts  
of t h e  p a r t i c l e  p r e c i p i t a t i o n  on t h e  ionosphe r i c  conductance ;  t h a t  is, for 
weak a u r o r a s ) .  For  more i n t e n s e  a u r o r a s ,  t h e  scale s ize  approaches  100-200 

km, r e g a r d l e s s  of i o n o s p h e r i c  i l l u m i n a t i o n .  

Note t h a t  t h e  ionosphe r i c  Pedersen conductance  

The a v e r a g e  scale s i z e  o f  t h e  i n d i v i d u a l  a u r o r a l  f e a t u r e s  i n  t h i s  

s t u d y  was much smaller t h a n  even t h e  smallest va lue  p r e d i c t e d  by t h e  

r e s i s t i v e  mapping e q u a t i o n .  However, t h i s  shou ld  n o t  be viewed as a 
f a i l u r e  of t h e  t h e o r y  t o  r e p r e s e n t  t h e  t r u e  s p a t i a l  s t r u c t u r e  of discrete 

a u r o r a s .  
m i s i n t e r p r e t a t i o n  of t h e  p h y s i c a l  meaning of t h e  p r e d i c t e d  scale s i z e .  
This p o i n t  is bes t  e l u c i d a t e d  by viewing Eq. (4) i n  terms of its F o u r i e r '  
components : 

Rather, t h e  d i sc repancy  has t o  do with a common and long- s t and ing  

Thus,  i f  one  r e g a r d s  t h e  magnetospher ic  convec t ion  e lec t r ic  f i e l d  0 i n  
terms of its d i s t r i b u t i o n  i n  "k-space", Eq. ( 6 )  shows how s p a t i a l  s t r u c t u r e  
i n  0 r e s u l t s  i n  a s p a t i a l  scale d i s t r i b u t i o n  of parallel c u r r e n t s ,  or 
e q u i v a l e n t l y ,  parallel p o t e n t i a l  d rop .  Nore i m p o r t a n t l y ,  Eq. ( 6 )  shows t h e  

role of t h e  s p a t i a l  scale parameter a i n  de t e rmin ing  t h e  r e l a t i o n s h i p  
between t h e  s p e c t r a  of e lectr ic  p o t e n t i a l  and c u r r e n t .  For s m a l l  k 
(wavelengths  l o n g e r  than  a ) ,  magnetospher ic  e lectr ic  f i e l d  s t r u c t u r e  does 

D 
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n o t  l e a d  t o  p a r a l l e l  c u r r e n t s ,  w h i l e  f o r  l a r g e  k (wavelengths  smaller 
than  a ) ,  a l l  s t r u c t u r e  i n  0 leads t o  a n  i d e n t i c a l  s p a t i a l  d i s t r i b u t i o n  o f  
parallel c u r r e n t s  and p a r a l l e l  p o t e n t i a l  d rops .  The q u a n t i t y  1 is s imply  
the break p o i n t  i n  t he  s p a t i a l  spectrum b u t  by no means r e p r e s e n t s  a un ique  
"preferred" scale for the  system. 
scale a u r o r a l  f e a t u r e s  should  be expec ted ,  provided  t h a t  s m a l l  scale 
s t r u c t u r e  exists i n  t h e  magnetospheric  p o t e n t i a l  and that a u r o r a l  f e a t u r e s  
should  n o t  exceed the  100-200 km characteristic scale size.  

The fo rmula t ion  p r e d i c t s  t h a t  s m a l l  

Thus,  these t h e o r e t i c a l  r e s u l t s  and i n t e r p r e t a t i o n s  appea r  t o  be 

comple te ly  c o n s i s t e n t  w i t h  t h e  data p resen ted  here. Fur thermore ,  t h e  

s p e c t r a l  i n t e r p r e t a t i o n  is borne out i n  p rev ious  s t a t i s t i ca l  s t u d i e s  o f  
inverted-V scale sizes (Ref. 1 1 )  and i n  s t u d i e s  d e a l i n g  wi th  t h e  mapping of  
e lec t r ic  f i e l d s  from h igh  t o  low a l t i t u d e s  (Ref. 6 ) .  
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